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I- GIXED TESTS

By Henry A. Essex, Edward D. Zlotowski
and Carl Elliman

slm4Am

Qround teGts were conducted on a twi~engine fighter
airplane to study icing of an indmction mystem ticorporating
am exhaudt-driven turbomqercharger. The ground tests were
made to determine the disposition of free water in the in-
duction qystmn of the airplane, to determine the ohsrge%ir
heat rise a~lable from the turbomzperoharger,and to corr-
late sctual airplane-test results with those of laboratory
t6sts.

.

The icing characterist!cs of the airplane vere studied
at engine powers that varied from idling to take-off power
with simulsted.+ain conditions of moderate, heavy, and ex-
cessive rain. The effect of the intercooler on the heat con-
tent of the charge air was studied at three Fewer settings
representative of the full ran e of engine power=

6
Ambient-

air te~erature varied from .23 to 37° E’.

The results obtained in the ground tests indicate that
the induction system is susceptible to serious icing O*V at
low engine pwers with high water-ingestion rates. The con-
figuration of the iaduction system is such that the water is
removed from the charge air before it rea”~es the carburetor
deck, except when the emgine is operated at manifold pres-
sures of ~ Inches of mercq and above in simulated exces-
sive rainfall (2 grams/cu m).

I
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.

2 MAOA ME Ho, Y$61M

The ground-test results were ti agreement with the curves
of limiting=icing conditions of tmqerature and humidity deter-
mined in the laboratory. In the ground-test runs durhg which
the intercooler F&ap was closed, qqzoximtely g5 pe=cent of
the heat added to the charge alr by the turbcsuperchargerwas
available for ice prevention or ~icing at the carburetor deck.

IH!mamc!cICIl

Indnctlon-~dmn icing has been experienced in airplane
InductIon systems that inoorpcrate turbosuperchargers. The
sueceptibll.ityto icing of at induction system with ea *st-
driven turhoeqercharger has not been previcua~ Investigated.
At the reqpest of the Air !l?eohnicalService Conunand,Army Air
Forces, laboratory tests were conducted at the NAM Oleveland
laboratory of the ce3W-etor and engine qercharger section
of the fi~ter alrp’laneinduction qrstem (reference 1). =
tests of reference 1 end unpublished tests on a complete engine
have dmionstrated that dangerous ioe formatlons can occur over
a wide range of c~bureto=air temperature and humidity.

3!heground tests repcrted hereti wore ma?.eprier to fli~t
tests with the followlng objectives: (a) to determine tit
happens to the simulated rain that is mp~ed into the inducticn-
system entrance; (b) to obtain data for the determinetion of the
heat rise through the induction qstem from the turbosqercluxrger;
and (c) to provide data for a preliminary correlation of labora-
tory and airplane test results. The tests were made from Decem-
ber 1944 to Jkbruaq 1945 in order that the free-air temperatures
would be as close tc 32° ~ as possible. Water was injected into
the air scoop at rates of 0.275, 0.550, end 1.10 pounds per min-
ute to simulate flight thrc@h moderate, heavy, amd excessive
rain, respectively. %0 icing characteristics of the airplane
*tion system were studied at engine ~owers that varied from
idling to take-off●

AEUEM!US MD IliSTRWEWCUIOH

We right engine installation of a t-engine fighter air-
plane was selected.for testing becsazsothe single g~erator of
the electrical system is driven by the left engine. In the event
of failue of the test engine, electrical power for the oporation
of the accessories could be supplied by the left engine and in

.
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the proposed fli:~t tests level fli@t could be maintained with
one engire up to.an altitude of @bout 25,000 feet.

The indaction system (fig= 1) of each engine ‘SnstaJ.W.tion
consists of an external.air-intake scoop, am exhaust-hiven turbo-
euporc..orgcr,a cor-bfle intercooler, an @)eotion-@pe carburetor,
an ongins-at”~ euporcharger, and interconnectingdncting. Ohezge
r.ircoming through the external scoop as ram air can be W&n
diroc~ into the turbosuporcharger or diverted by means of a
selective control into the wheel-well space where it passes through
an air filter and then into We turbos~~rchargor. The turbosupe-
chargore are xmunted on the tops of tho tail booms. Oontrol of
tho turbines is achieved by a lidrage that commcts the turbino
v-.stegato to tho carburetor throttle. This linkage is so ad-
justed that, ticn the carlnaetor throttlcm ma set to #xpprc:&ntoly
the two-thirds open position, tho turbino wasto gate starts to
close. !50 c=hretor throttle anglo and tho turbine waste-~.te
.axgleof the test engine vcro indics,tcdin the coclqit by mecms
of position indicators installed for the tests.

The simulation o: rain was ccco@ished by injsctixg water
from sprqgs at the air-scoop entrance F.nde.tthe intercoolor
ooolingwiz+uct entrance. Water-flow rates were measured b~ meums
of an orifice plate in tho water lino to tho tir scoop and one in
tho wcter line to the cod~air duct of tho intercooler. The
differential pressures r.orosstho orificos wore mppliod to proseue
tranwritters,which indicated tho flow on calibrated gages thst had
been installetiin the cod~it. !!h13tmporntme of tho water was
measured at the stor~+o tnnk end at bo& sprqy bars.

Sensiti7e itice.tirqginstruments mro instnlled in the cock+
pit in ortkr that rqmptoms of icing could be observed during tho
ground tests end later during tho flight tests. Sensitive manifold-
pressure &ges wore ingtelled on both On@nos and difforontial-
presmro gcgos indicatcd the chxcgc-e.irpressure drop eaxnm the
intcmoolers. Instrumentationwcs providod for the measurement and
automatic recording of cimrgo-air tomoerzturo.pressure, and humid-
ity at significantyoints in tho induction qstom. !lhestetioas
(fig. 1) at which tho moammmonts woro nr.dewere the =ir-scoop
entranco (otation 1), the turbosuporchargcr entsance (station 2)s
tho intorooolor entrcnco (station 3), ?=d the cdmrotor dock
(stw.tion4). In addition, the static pressure was measured ~
mcdiatoly below the carburetor and in tho ongino mnifold. Fuol-
nir mi.~e tcmporatures woro meesured both rattho
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s~eraharger inlet elbow and in the manifold downstream of the
engine euperchargor. Other t~eratures that wore recorded in-
clude intercooler cooling+d.r te~orature, fuel temporaturo,
acccmnor~oqaz&.tit nir torqmmtuso’ and altcrmto air tqmrcr-
ture mtxumred at tho filter inlet. Iron-constantan thormo-

. cou@es were used to meamre all temperatures.

HunMity me determined by mnducting samples of charge
alr to a dew=point meter. The entrances of the sampling tubes
were shielded to pz?eventwater &oplets from being taken in with
tie air and tke water vapor. I’5ae-aL2humidity was taken to be
the same as &t of the =ir entering the scoop-qpatream of the
point of water injeotion. The automatic instruments installed
b the airplane antisfaotorily recorded the teat data and were
considered suitable for future flight tests as well a8 for
ground tests.

Observations of the free water in the duoting were made
through transparent sections in the Wots and -u@ a window
in the outboard side of “theri~t engine nacelle (fige. 1 and 2).
The *separation effectiveness of ‘Ae Induction system was
stuMed by putting drains at the lowest point of the plenum
chamber at the bottom of the intercooler, which is the lowest
point i.nthe induction qstem.

The coding of the engine and the accessories was produced
by the propeller slipstream at low powers and s .lamented by a
coollmg-air blower at hi@ powers. T(See fig. 2.

%e fuel used i2mo@hout the test program conformed to speo-
If~catlon ~~.~-2~, ~e~en&2.

Bm!Ecm Am) TESTS

.In order to make the test conditions as uniform as possi-
ble, tests were run on days when the outside-air temperate
was close to 32° F’. I!heair temperatures aotusl~ varied be-
tween 23° and 37° F.

The shul.ated-rainwater-spr~ rates used In these tests
were oalcuh?ted by assuming that the rate of we.teringestion in
fliglhtwas directly proportional to the airspeed of the airplane,
the pro~ected frontal.area of the scoop entrance, and the rati
densi~. These assumptions are velid with rain drops kzger than
400 microns. Drops of this size are frequent- prevalent in rains
of the intensities simulated in these tests. Water-ingestion

.
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rateB were calculated for a flight condition in which the true
airspee’dwas 350 miles per hour and the rain densities were 0.5s
1.0, and,2.O grams per cul!ic.meter. !lhemerain densities corre-
spond approximately.to moderateB heavyo and ezcessive rain, re-
spectively. (See reference 2.) The scoop watepinjection rates
were 0.275, 0.550, end 1.10 pounds per minute for rain densities
of 0.5, 1.0, and 2.0 grams per oubic meter, respectively. The
area of the Intercooler cooling-alr duct entranoe was approxi-
mately twice that of the scoop and therefore the water-in#ection

. rates were doubled for the .intercoolerduet.

The values of engino speed and manlfoldpreesure prescribed
in the pilotte operating instructions were used for take-off,
normal rated, and high and low cruise power conditions. At the
loweet powers, the manifold presrrurewas set and the syod used
was the lowest that would give emooth operation. The engine
speede correqonding to the manifold presszres eelected are
listed in the following table:

Manifold Engine Engine

?
rosmre epeed powor
in. Eg (rpm)
abeolute)

20 (a)
(a)

;: 2200 Low cruiee
35 2JO0 High cruiee

2600
;;.5 2600 lTormalrated
50 2goo
54 3000 Take-off

a
Engino epeed govornodby necessi~
of smooth operation. .

(hound tests were run to determine the effect of the vari- .
OUEIsimulated-rain ingestion ratee on the charge-air conditions
throughout the induction system. B’our series of tests remresent
conditions OS no rain (series A), nmderate rain (eeries B>, heavy
rain (seriee C), and excessive rain (scriee D); each series COP

7
rised eight rune at the power conditions previously specified
table I). In order to hpose the meet eevere icing conditions

possible at the carburetor, tho intercooler flap was left in the
fhll-open position In tho four series of tests.

The test rune wt3reoontinuod as long as poesible to ineme
stabilization of the oharge-air conditions. When no free water
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was introduced, 3 minutes was sufficient but 6 minutes was the
le@h of run ueed when water was injected and the engine was
oporated above high cruise power. At low powers, when the vi-
bration of the grounded airplme was slight, the tests were con-
tinuod for 10 minutes.

The effect of the intercooler flap opening on charge-air
oooling was studied in ground test series E (tablo I). This
series consisted of nine runs with 1.1O pounds of water per minute
injected into the air scoop during all runs. At a manifold pres-
sure of 2C inches of norcury~ one r~n was mado with the inter-
cooler flap opon and no water injoctod into the intercoolor cool-
ing air, =othor run with no water injected into cooling air but
with the flap closed, and a third run ~ith the flap closed and
2.20 pounds per minuto of water spreyod into the intorcoolor
cooling duet. Those tests woro ropoated at manifold pressures
of 35 and 50 inches of mercury. Tho passage of water through
the ticts was observed through tho observation porte. At the
end of each run the ‘~atorthat collocted in the intorcoolor
plenum dumber was measured.

RESUL!J%MJD DISCUSSION

The results of these ground tests are.prosontcd in tablo I
and in figures 3 to 10.

Disposition of wi=tor.- (Xo~erv&tionsmado during tinetc?sts
and an anclysis of tho test data ostnbliehod the disposition of
the froo water in tho induction system. !Fnowater was observod
to follow throo coursos:

1. A portion of tho water that was spr~od into the scoop
leaked out into tho wheel WO1l through tho alternate air valvo
(fig. 1). This leakage was gmatost during operation at low en-
gino power when tho induction-eystom alr velocities wero lowest.

2. So,uoof tho vator was swept along tho walls of tho inter-
coolor duct an~ was collcctod in tho plenum chamber at the bottom
of the intorcoolor. Tho volmo of tho ~lonum chamber was calcu-
lated to be 360 cubic inchoo and the groatost volumo of water
collocted after 10 minutes of operation wae 43.S cubic inches.
In some casss water was blown out of tho intercooler tward the
carb’meter, although the intorcoolor plenum chamber was far from
filled. At high engino powors tho resulting high air velocities
in the inta!coducting caused this blowing ovor of watorc

3. Part of tho watek injoctcd into tho air scoop ovapomtod
and was carried through the induotion system as v-or.
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Moisture content at the carburetor was computed on the basis
of vma~orcoatent nlxme for all r,nm; thersfore, the values do not
rapresent the total amount of moisture if water was pref30nt~

Tho approximate free-water deposition in the induotion ws-
tan in shownin figure 3 for the throa simulated-rain inteneitim
of those tests. Th13remits indioate that at low manifoid pres-
sure (at low charge-air flow rates) praotical~ all of the free
water leaks out of tho hduction wstom before It reaohes tho
intercooler and vq little is vqorizod into the ohar~e air.
For thle reason, lnrgo percentages of the water hjOdOa cemnd
be accounted for. The maximum amotit of free water in tho lnte-
cooler plenum chamber narer exoeeded 16 percent of the initial
amount lnJeoted.

At high manifold proseures With Simdated excessive rain,
the charge air at +Ae carburetor deck was saturated and some
free water was o%uvod Fassing froa the interoooler to the c=
baretoa dook. At a manifold pressure of @ inches of meroury
and a?mvo with Amulatetl heavy and moderate rain, however,tho
outiro amunt of injected water was evaporated. %e value of
mnifold pressure at which ell the free water was evaporated
Inoreasod with the amount of injootod water, as would h ~oot ad.

During lhcse ground tests tho tuibosqoroharger begin effm-
tim operation at a tifold prooo=-e of about 50 inohee of meroul’y.
Becaaso the manifold preseuro at whioh turboeuporcharging starts
reduoes as altitudo Incroaees, the enthalp~ of tho ohargo air at
the cm%arotor deck is prolmb~ greater at altitude than at sea
level for a given manifold preesuro and charge-air inlet taupor-
ture. This antihalpyIncreaso roprcsente an inoreaee in the oapao-

. ity of tho charge d r for evaporati~= vater. It is therefme
reasonable to ~oct that the oharge-air flow rato or manifold
pressure at ~ich all tho ingentod pain water beoomes evaporated
wxmld be lowor at altitke than et sea level for a given rain
intensity.

Fe t rice8 rvailaQQJ - Tho turhomqxmhargor put an appreci-
able amount of heat into tho oharge-air stream even tion the t-
bine wes idling. At the pressure altitudes of these tests (150 to
1025 ft ), as previone~ mentioned, tho waste gato did not et=t to
aloso until the manifola pressure roached approximately 5@hohes
of meroury; at higher altitudes, the wider throttle openings neooe-
sw to obtain the desired manifold proemres would ca~me the tur-
bine vasto gcte to start closing at a lower manifold premzre and
thereby inoroase the heat rise from the turboeqporeharger.

Under the ground-test conditions, the heat input by the tur-
boeupercharger remained practically constant at a value of spprom
imately 4.5 Ftu por pound of charge a?r La tz a nul.ni~cldgr~i.me

... . .. . ---- ...—.- ----- -. ------------- .. ..- ----- --- -.. .. .-.- . .
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of 40 inches of mercury. Above kO inches of mercury, tho heat
iqut increased to ~proximate

z

11,0 Mu per pound of tige
air at a manifold pressure of imhas of mercury. Those heat
incrcmnt n occ=-red regardless of the rate of water injection ae
shown in figue 4. .

Although cooling is the fbnction of the inte~ooler, It is
desirablo under icing conUtlons to retain enough of the heat
added by the turbosuperchar~r to prevent icing. Ae the air
paaeed throu@ the intercoaler, much of tho heat l~t was re-
moved except in the cases in which the intcrcooler flap was In
tho closod position at low powers. (See fig. 5(d. )

At each of the tluee power cotitions in figmre 5, results
are shown of a run In ~ich no rain simulation was ued and the
intercoolor fkp was full open, of another run in which an ex-
cessive rain was simulated with fall-open Intercooler flap, and
of a thtia run in which the excessive rain was simulated with
interoooler flsp I31OSSL With Y~e interoooler f- closed, only
approx@ateIy S5 percent of the heat s~pliOa by the turbosuper-
chemger was retained after passing tho intercooler at the high
power runs in which the cooling blow- was used.

During the tests at mauifold pressures of 20 ma 35 inches
of mercury (figs. s(a)and 5(b))S the cooling-ah flow to the
Intereooler was maintained O* @ the prcpcllor slipstream;
-reas, at the hi@ powers (manifold pressure, ~ in. ~ abso-
luto and above) the cooling-air flow was increased ae a result of
the opera%ion of the cooling blower. It is oxpectod that the air
flow through the interccoler was lower in e31 these ground tests
than would be obtained in flight and that the chemge-air enthalpy o
rednction in tho intercoolor -a to greator in fli@t than was
obtainod in the ~ound tests.

Results of icing tests. ==Ground-test results of carburetor
icing ere classified M no icing, wl.eibleioing, ~ad serious iclng~
Vieible ioing could not be detected ~ observation because the oar-

. buretor and engine supercharger were not accessible for visual
inspection but menifold~resmzre and air-flow loss indicated this
-e of icing. It is therefore possible that small ice formations
were present in some runs classified as no ici~ which fell into
the visible-icing region as determined from laboratory icing tests.
tie criterian for aorioue ioing in the ground tests was similar to
that used in the laboratory tests of reference 1, that is, a
2-percent rednction of initial air flow within the period of the “
.test. Although the tebt period of the ground tests was o&7 10
minutes, the ground teets were cow~.ble with the laboratory
tests becmee the air-flow reduction (If any) usually occurred
within the first 10 minutes of operation in the laboratory testis.m

.

J
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me Mmiting-iciqmndltion curves of carburetor-air temperature
and moisture content as dOtOrminOd in tho Uiboratory (referenco 1)
for tho low cruise, high cruise, and rated powor conditions of en-
gino operation rre reproducaa in figures 6, 7, =a g, rospoctively.
~o conditions at the carburetor dock produced by the oporbtion of
tho engino during the ground tests are presentedon those limit-
condi~ion curves for the corresponding ongino uowors. ..

The t~eratures and moistum contonts of tha chargo air at
the scoop entr~zce ihri~ all the tests with simulated-rain in-
jection wore such that suvcre icing would hem occurred at or
downstrea of tie carburetor had the air etream passed directly
to tho carburetor. !Cheremoval of water by tho induction systcm
rmd tho heat ln~ut by the turbosqerc-hargorproduced less severe
condition .atthe carburetor and only at low cruise yxr~ vroro
tho condlMona at the carburetor Mck in tho serious-icing region.
As indicated in flguro 6, the grcund-test runs that producod e
burotm-dock conditions within tho laboratoqwdotorm~od sericus-
icing rmge resulted in soricus carburetor icing. Time histories
of tho low-cruis-power runs in which thoro wore hdlcations of
icing 8ro shown in figme 9. Groundtests at low cruiso owor
that showod either indications of slight icing (fig. 9(b)! or no
Indications of ici

%
fell in tho labomtmy-dotcrminoa visiblc-

icing region (fig. .

Ilatafrom ground toets at high anise pm7crwhen plottod on
the corresponding laborato~dctoriiinod llmiti~conditione curves
(fig. 7) also show that tho runs that indicated slight Icing (figs.
10(a) and 10(b)) fall in tho visiblo-ichg region cnd that one
run, which ehowcd no indication of icing, fell Into the netisiblc-
icing region. Ho .Mgh-cruise-powor runs producod carburetor-deck
condltions ccnducivd to sorhus icing and.nono of the runs di~~od
Eqnuptomsof eorious icing.

Me runs at normal rated powor tlxn.tshowed no indication of
icing fcll in tho rogim of visiblo icing, as shown in figuro g.
lhe ona run mrde with simulated cxcossiv~raln reto, however, did
show _toms of sori.ousicing (fig. 10(c)) but thi.eindication

“ of aorious icing ~ havo beon caused by en unstable engine’con-
dition or it x be a bordorlino serious-ici

?
condition bocauso

it is very C1OSO to tho scrioue-icing region fig. ~).

Tho test results indic?,tethat thorc in a C1OSO correlation
htwoen tho lc.borato~dotermincd limiting conditions cd the
ce.rburoto~dcck conditions, which -yroducotho different classes
of icing in tho airplane-engine induction syatdm during ground
~or~ tion. Sf the offoct of tho Mff orcnt componente of tho ln-
duotion systcm on the tomporature and humidt~ of the air stream
is kmwn, tho susceptibili~ of tho induction system to icing
can bo predlctoL

. . ..- . . . . . . . . . ----- .. . . . . . . . -
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Icing other them the previously mentioned carburetor icing
Occ~Oa in tho induction system during the ground tests. Ml
formations of impact ici~- occurred at tho bond in tho niz=soocp
intake and uround Wo alternate air valve loading into tho wheel
well ~a somo Yormaticns occurrod‘in the intercoolor cooling-air
duct. !Phoformations of 100 woro small, but difficulty in oponing
tho alternate r~r valve was encountered in those rcas in-which ice
had formoa ~una the Valve.

sm5-xEf aF EEsum!s

The follaving results wore obtainod from ground tests made
on a twin-engine fighter airplano under az%ificial conditions
roprosmnting only an qpprcximatc simulation of flight:

1. Tho induction eystom of tho airpl.cmercmvoa tho froo
water frem tho cluwgc-air stream before it roachod.the carburetor
deck except whom excossivo rain equivalent to 2.0 grrms per cubic
meter was encountered when tho onginc wRs Operated at manifold
prossuros of @ inches of mercury or higher..

2. kqmzimately g5 percent of tho heat added to tho charge
air ~ the turbosuperchnrgorwGs available for ico proventlon or
de-icing at the carburetor tion the .intorcoolorflap was closod.

3. !ChOresults of tho ground tests were in agroomcnt with
tho limltin@cing curves detormlncd in tho ls.boratory.

Aircrcft En@no Eosea.rohLaboratory,
lYstiO@ Advisory Commlttoo for Aeronautics,

clOvO~~a, Qhio. ..

1. h40S, &nmy A., KOith,Wqym C., and MKlholland, Donald n.:
L~borato~ Invosti@ion of Icing In the Carburetor emd
Suporchargor Inlet Elbow of an Aircraft Engine. II - Doter-
min?.tionof the Limiting-Icing ConM.tions. KACA 14RMo.
E5Llsa, 1945.

2. Eum@roys, W. J.: ?h@ce of Yao Air. McGraTMi.11 Book
co., bc., 3a 0a., @C, F. 2Go.



TABLE I - RESULTSOF GEIOiJND TESTS OF AIRHLANE INDJCTIONSYSTEN

I ?mperatum,

;

&
to-
$

fi

L

-iiiz
3642
4463
5716
7226
8126
0760
10650

m
3412
43?4
5624
7435
Bl17
‘4368
?.0603

A

11111
own Open 72 24 91 37
-do- -do- 73 26 111 37
-do- -do- 80 33 106 37
-do- -do- 78 37 111 37
-do- -do- 77 S6 116 39
69 -do- 70 41 116 43
6(3 -de- 69 41 132 43
36 -do- 71 44 151 42
.m T1800 20.2

2240 25.4
2200 30.0 T

160 O.KW
248 .068
300 .067
380 .067
610 .C%.4
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710 .(W7
670 .099
935 .068

I ----- . . . . .
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-.----------.------
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---’
-----,
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--dO--
--do--
--do--
--dc--
--do--

----- -----

. . . . . -.---

-..-- -----

----- -----

----- ----.

----- -----

----- . . . . .

----- . . . . .
----- -----
----- -----
----- -----
----- -----
----- -----
---- -----

2280 35.0
2600 39.7
2600 43.2
2800 49.9
2960 33.!?

79
76—

.
G
-da-
-dc-
-dw
-dc)-

Open 65 ‘24 04 26 39 161 70 0.006 10 lb o 0.2
-do- 67 27 10.I 31 40 179 76 .OQ1 10 MO
-do- 73 34 98 32 42 207 76 .023 Yes Ho 1:; 3::
-do- 74 40 1G2 31 42 210 77 .045 Yes no 1.7
-do- 59 36 107 42 59 141 99 0 Ho 3d 0 0
-dc- 63 46 lIV 41 62 145 104 0 10 no 0 0
-do- 62 49 126 41 63 151 101 0 Ho 30 0 0
“do- 62 47 139 42 63 Ha 96 0 Ro Ho 0 0

TT
iso 0.060 lo-
240 .070 17
ml .069 24
379 .067 32
630 .0$35 43

!W
Ser

-do-
65
59
7.—

“

Open 75 30 S-2 32 34 165 66 0.003 no Ho 0 0
-do- ‘?6 33 105 32 33 le4 68 .002 No ml 0 .2
-do- 75 37 99 31 36 2m 71 .008 No 10 .1 .7
-da- 70 41 101 32 32 203 70 .007 Yes .4 0
-d- 63 ’36 105 40 El 139 76 ----- ----- R 0 0
-dc- 63 42 106 3s 52 132 75 mm Ye6 MO 0 .2
-130- 61 43 121 32 61 160 71 0 Yes Ho .3 .2
-da- 68 48 139 41 64 157 76 0 no Ko .9 0

“rdRARAR 1
17!30 151
3344 2s5
4454 3on
5667 X36
7342 621
0201 72?
9646 669
lC,i34 ---

Tl I
O::;l--~F
.268 32 -d+
.065 .43 -do-

1

.(k19 76 -.5*

.048 Open 65
----- -do- 61

;AR

L

Ml
AR
AR
As

SeriesE

m
RATIOSALADVISORYC2MI!Y=

%7
noi
ES
Yes
Yea
Yes
Yes
Yes

-----
-----
-----
-----
-----
. . . ..
-----
-----
----- 1
------------.....----.....-.---------.

b 6s5 31 0.0C4?44 1.226 Excess
:b ;: 825 30 .0024s 1.028 --do--

1
16S2 20.4 iii
1848 20.4 AS
1832 20,s As
2260 35.0 AR
2280 36.0 AR
2260 35.2 AR
2740 49.8 AR
2760 49.8 AR
2740 50.0 AR

E
1623
1023I

160 0.W3
160
160 :&
360 .W7
380 .s7
3B5 .W?
870 .2439
665 .069
86S .069

T10 Open
10 -do-
10 -do-
34 -do-

3 a?o 30 .00S44 1.026 --do--
4b ;: 860 30 .00244 1.026 --do--
5b 10 MO 30 .W244 1.026 --do--
6 Ao 660 31 .00244 1.024 --do--
7b 5 260 30 .0CR44 1.026 --do--
Sb 5 WO 30 .00244 1.026 --do--
Q 6 260 30 .024?441.226 --do--

.%72
5390
5718
9815
9718
9743 L

34 -d.s-
34 -dc-
Open 60
-do- 60
-do- 60

‘Automatlc rich.
bxo “ate= sprayed into lntercmler duct. FOR A2SWIAOTICS



‘TABLE1 - Concluded

RF’S(JLTSOF GROUND TESfS OF 41RPLANE INDUC’rlOiiSYST6M - Concluded

T
1 S2
2 32
3 33
4 33
5 31
6 31

z

se 35 ?6 29.e 0.077s10.0037813.2 26 39 29.5 0.07837 32IT40 36 68 29.2 .07760 .0037813.6 49 40 29.5 .07821 32
41 37 69 29.2 .0-7744.00s2214.1 60 41 29.4 .V1784 32
4i 37 69 29:2 .07744 .0039214.1 77 41 29.3 .0?763 32

1

41 37 69 29.2 .07744 .00S6413.0 97 41 29.3 .077.% 29
43 38 53 29.2 .07’714.00S6414.2 110 43 29.4 .07761 29
43 i% 63 29.2 .07714 .0039214.6 132 43 29.3 .07719 33
44 39 64 29.2 .07699 .003?8 14.7 144 44 29.0 .07643 33

II
0.00229 8.7 24
.00218 8.8 44
.oas14 9.0 36
.00S14 8.8 72
.00S6812.7 101
.0026812.7 109
.0026812.7 130
.0026913.3 145[

25
26
31
29
35
37
35
35

1 !21 I25 !241 88[29.9!0,CB18110.0021818.3[ 25 I25

l_N
2 20 27 25
3 25 37 32
4 25 39 34
5 29 33 31
6 29 32 31
7 32 34 33
8 33 35 341

78 29.9
69 29.4
59 29.5
82 29.8
92 29.8
90 29.8
90 23.8-1

.ot3150

.07833

.07833

.07752

.07773

.07742

.07729-L!-_!
.00206 8.7 45 31
.0027811.9 59 36
.0027812.4 73 36
.0033511.5 100 33
.00s3511.3 107 33
.00S8512.2 130 33
.0040212.7 145 34

I
1 31
2 31
3 32
4 30
5 31
6 31
7 30
B 30
9 30 -

31 31 100 28.7 0.077480.00S7611.5 26 33

33 32 9028.8 .07744 .0037611.7 77 33

~r30.0 o.!132w 22
30.0 .0.918522
29.9 .02067 28
29,6 .CflG2726
29.7 .?7955 30
29.5 .07886 32
29.4 .07884 30
29,3 .07844&

Station3

r

. . .. ..—.

46 37 39!29.0 0.078180.00239 13.8 34 22 43 35 42 29.7 0.078430.0C4!4013.1 3C
43 35 43/29.4 .07761 .0W39 12.9 62 24 42 35 48 29.2 .07712 .0026112.9 6:
41 35 64 29.8 .07618 ..90s1913.3 81 33 44 3Q
42 35

64 28.4 .07468 .004W 15.0 73
48 28.4 .07505 .0029213.3 106 29 44 37 52 27.7 .07309 .00S51 14.2 %

56 45 42 27.4 .07052 .0056917.e 149 34 48 42
60 47

62 2.5.3 .06853 .0046216.7 13:
37 27.4 .C6979 .W?41219.1 164 34 60 42 52 26.0 .C6757 .0M68 17.1 149

72 52 22 29.4 .07336 .OQS56 21.4 186 33 62 43 48 27.6 .07130 .0042217.1 168
Qi 5’7 19 31.2 .07668 .00S80 23.8 199 36 56 47 so 29.0 .07464 .0045818.6 18C
Series C

29.7 0.00121 23 48 38 35 29.7 0.07’7630.’3025214.4 32 24 51 40
29.7

34 29.7 0.0769130.0CQ6415.3 28
.c4113723 44 36 44 29.4 .07758 .0025513.3 61 24 46 37 40 29.2 .07634

22.7 .06098 22 44 35
.0026413.9 54

37 28.9 .07599 .0024013.2 83 25 46 37
29.6 .C607C 21 42 34 41 28.o

40 28.5 .CV471 .0027914.1 74
.0’7404.0024012.7 126 26 45 36

29.7
41 27.4 .07195 .0029414.0 98

.07927 3? 51 44 58 27.5 .07139
29.6

.0050017.7 145 36 47 42 67 26.4 .@5B98 .0050216.6 132
.07954 3a 4? 43 63 27.4 .07136 .0062017.5 162 36 45 41

29.4 .07830 41 64 52
72 ?6.0 .Cmls .00S2516.4 149

43 29.8 .07536 .0054221.4 184 39 48 44
29.3 .07831 39 74 55

74 27.8 .CW269 .0054517.4 168
26 30.5 .07579 .0040223.2 194 42 55 47 64 28.2 .07301 .00s8s 19.1 177

Serle6D

29.9 o.ca173 23 43 35 42 29.6 0.078190.0025213.2 36 24 43 35
29.9 .08069 26 43 36

42 29.6 0.078010.00S5913.3 31
49 29.4 .07751

29,6
.0029213.5 64 26 46 38

.07911 35 48 42
46 29.1 .07642 .DW88 14.2 67

60 20.7 .07489
29.6

.0044616.4 83 39 47 43
.07919 48 47 47 100 28.2 .07378

73 28.3 .07407 .0032517.0 74
.0075019.0 1C6 41 48 45

29,o
80 2?.6

.07.91145 42 42 100 27.9 .0’7127
.07202 .00s90 18.0 95

.0071016.8 147 44 40 40 lW 25.5 .@3773 ,0061016.3 136
29.o .0780t 46 46 46 100 27.9
29.8

.07322 .0071018.7 134 4s 40 40 100 26.2
.07760 49 54 51 02 30.4 .0’7s35

.03961 .0’369016.0 143
.OQ71O 20.6 175 47 43 43 100 28.2 .07437 .cxm20 17.0 162

28.8 .07726 48 61 34 63 30.9 .07880 .0068022.3 193 47 47 47 100 28.5 .07454 ,0071019.0 179

II
28.0 0.077E3 33
2ti.9 .07789 33
28.9 .07819 35
28.8 .07763 36
28.8 .07778 36
28.a .07763 36
20.9 .0?747 41
28.9 .0?7$33 44
28.9 .07779 46 I

33 47
33 53
34 3s
xl 45
38 47
3$ 49
40 47
42 5S
44 51m
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,Figure 1. - Right-engine induction system of a twin- engine fighter airplane instrumented
for gr’ound icing tests.
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Figure 2. - Setup for ground tests of induction-system icing.
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Figure 3. - Disposition of ingested rain in the induction system.
I
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Figure 5. - Effect of induction system on charge air with varying simulated-rain intensities and
engine power settings.
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NACA MR No. E6B28

Water content, lb/lb dry air

Figure 6. - Comparison of laboratory and ground icing tests at. low Cruise power.
(Curves from laboratory tests of reference l.)
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Figure 7. - Comparison of Laboratory ●nd ground icing teats at hi h oruise power.

(Curwex from laboratory tests of reference 1.f
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Figure 8. - Comparison of laboratory and ground icing tests at normal rated power.

(Curves from laboratory tests of reference l.)
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Figure 10. - Induction-system icing at high cruise and normal rated conditions of engine power.
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